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The method of description
for polished surfaces

Risr ui,
Nous pr6sentons ici rtn essai cle description objective

et quantitative des " polis " d'r"rsage. Fond6s sur l'6tudc

des processus cle forrnation. quelques attributs semblant
importants ont 6t6 choisis : profils. type de repartition,

homog€n€it6, micro-trous. stries. etc. En combinant ces

attributs, on cl6crit des " polis ' experimentaux sans
r-rtiliser la nornenclature tellc que . poli de v6g6taux ,

olr encorc " poli de peau , aclaptEe aux types cle rnat6-

riaux. Il semble qu'il existe une corrElation entre ces

attributs et les cliff6rents mat€riaux travaill6s. L'inforrna-

tisation de ce proc6cl6 cle clescliption et cl'iclentifletion
firurnirl Lrn s),stame cl iclentification cle . pttli d'usage ,

phrs scientificlr,re.

Introduction

This is an attempt to present an ol>iective and

quantitative clescription of polished sr-trfaces. First,

we explain the pr,rrpose and design of studies, then

the method and results are presented. Finally, the

prosipect of computer image analysis of use-wear

surfaces is presented.

Shoh Y.A,MADA* . Atsushi SAWADA**

Ans Lti,tc'r
-l'his is an atternpt to present an objective and quan-

titative clescription of " use-\vear polish ,. Rasecl on the

studies of fonnation process. several attributcs which

seen-recl important to describe polished surf-ace were

selected, sr,rch as profiles. distribution pattern, smoothness,
pits, strietions. etc. Experimental " polishes, were described

b1' a cornbination of these attributes. rl'ithout resorting to

such nan-res as " plant polisl-res " and. hide polishes , after

ttre workecl material. 
'fhe attlibutes appear to correlate

r'vith notkecl rnaterials. Cornpr-tterization of this clcscril-r-

tion ancl iclentification plocess n.ill realize a tnot'e scientific:

system of . usc-n'ear polish " iclentification.

Recently, a negative opinion on the high power

approacl-r t() Llse-wcar analysis has been presentcd

by Newcorncr ancl I'ris colleagues at the Lonclon

Institute (Ne\vcolrrer, et a 1., 7986, Grace 1 989 ). They

qr-restion rvhether the " polish , typcs actually

represent worked material types. This has becctme

the most crucial problem in current lithic use-wear

studies.
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Mr>st rese archers agree tl-rat the crtrresponclencc
l>etwcen cliffcrent " polish , typcs, <tften given
nAlnes l ike . plant polish ,, . bonc polish , ancl thc
like, clo n<>t ref-er exclLlsivcly to actual workecl
materials. Tl'rc problcm is the actr-ral clcgree of the
c<>rresp<>nclence .

Grace (1989 : 60-61) prescnts the idca that
. polish , type.s c.lnnot l>e assignecl tc> workecl
material type.s as has been believecl so far, but
rather to the clifferent deg;rees of . polish "
development.

Both tliose w-ho believe " polish , types reflect
rvorked materials and those nho do not use blind
tests to sllpport their positions. Howevef, success
rates in blind tests depend heavily on the conclition
of each experiment, so tl-ris method cannot directly
answ-er this problern. Rather than clcpencl ctn such
irnprecise external meth()cls, the corresponclence
between . polish , typcs ancl worked material
typcs sl-ior:lcl icleally ltc nreasurecl clirectly.

There is an init ial logical qllcstion prcsentecl l)y
tl're higl-r p()\\'cr apprc>acl'r. Tl-rat is, sincc . polish ,

typcs are namccl aftel workccl r.natcriels, thc rnctlt<lcl
confuses clescription ancl intcrpretati()n. The clas-
sif ication cif . p<>lish , shoLrld l>c separatecl f iont
workecl r-natcrials, thcn statistical corresponclence
bctr'veen thc . polish " types and workecl rnaterials
shor-rld be ex:lminecl. The rcsearchers of TohokrL
Univercity have been Llsing such an approach
(Kajiwara, Akosl-rima, 1981 ; Serizawa, et a|.,1,)87).
However. in practice, the definition of each type is
not entirely clear ancl not based on specified
attriblltes, only on vague impressions.

Like Grace (1989) we believe that description
shor-rlcl proceed frr>n-r interpretation, br-rt fcel that
cmpirically clefinecl . polisl-r ' types clo corresponcl
to the rnaterials r,r'ctrked. Ftrrthern<>rc, we agrec on
Grace's . rnr-rlt i-variute (()r multi-climcnsional)
apprcracl'r , (Grace, et ctl., 1988 ; Grace , 19U9 ; scc
alscr Knr,rtss()n's epprouch t() quLrrtz Ltsc-wcllr
19i16.19t38a). rr 'hich sLlggcsts that usc-wc:rr slror-rlcl
bc clcscril>ccl in tcrms of scvcral ltaturcs. Cornputcr
irnage analysis offers un oltjectivc l leAns <>f solving
Llse-wear prol>lems. altl-rotrgh tl're computer ana-
lyses carriecl ollt s() far have not ltror-rght the go<>cl
results rve rnight expcct (Gracc, el al., lc)85 ;
Nervccrmcr, et al., 1986 r Knutsson, 19U8b, 198t3c).
This docs not necessarily mean that " polish , types
clo not represent lvorked materials, but may only
inclicate the possibility that the prograrn of analysis
s'as not appropriate. The existing programs which

S. Y,*nn,t, A. Slv,cnl

n,erc clevelctpecl for othcr fielcls have been r-rsecl for
analysis of pcllishecl surfaces, ltut basecl on published
results rve cor-rlcl not specify the attribr-rtes of
polisl'recl surface that these pr()grams measured.

F-()r accLlrate clescription of polished surfaces,
the selection of attribr,rtes is the most important
problcm. Optical " polish , types art: not illusions
Lut correspond to actual surface topography of
polishecl surfaces as Yamada demonstratcd in this
volume. Based on tire results, we have selected
some attributes which are important for descrip-
tion of polished surfaces.

Althor-rgh our final goal is to achieve the
compr-rterization of measurement and interpretation
of polished surfaces, we have not reached that
stage. As a primary step, we have prepared visual
clescriptions of varior-rs polished surfaces basecl on
their attribr-rtes.'W'e then usecl those descriptions tct
examine the correspondence of . polish , and the
tlaterial 'uvcirkecl.

Attriblltes for describing
polished sLlrface

To ltegin our r,vork, r'n'e considered the attributes
that are esscntial for dcscription of polished surfa-
ces wi l l r  t l re  opt ice l  mi( r ( )s( 'ope.

Based on the results c>f previous SEM obserwation
and wear theory on . polish , formation (Yamada

in this volume), it is deduced that the hardness. the
viscor-rs and elastic properties, and the surface
textlrre of worked materials, have a significant
effect on the morphology of polished sllrfeccs ;
hard materials sr-rch as bone and antler tend to
procluce flat surf-aces, and because of their low
viscolrs ancl elastic properties polished areas d()
not clevelop well in clepressions. On the other
hancl, soft matcrials such as plant ancl hide tend tcr
procltrce cl<>r.r-rccl polishecl sr-rrf)ce which also invacle
c lcpressi<ns.  Thcrcfore,  sur facc prct l i le  and
irtttctsittenass it1 deprassion.s were first chctsen as
cliagno.stic f-eaturcs of polished surfaces. We think
that one reason why thc London Institute par-tially
sr-rcceedccl in differentiating. polishes " by computer
images might bc that their programs could measure
tJre proJiles and inuasiueness in depressions from
gray tone distribr-rtion of the images.

\7e must also specify the scale of observable
features. Based on our exDerience. rve have selected
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two different scales of featllres : rnacr()-scalc fcatllres

are identified on the order of 100-200 trrm, while
the micro-scale features are ()n the order of 20-

30 pm.

For all the following attributes, observations
were made at 200x in areas where . polish ' was

most developed.
Pro.files are obserued by optical microscope,

using the three categories, 1) domed, 2) flat
ancl3) intermediate (fig. 1). The last one is provided

for indistinguishable cases. One reason we describe
profiles in both macro-scale and micro-scale is to

119

minimize the infl-rence of the profile of the original
surface.

Inuasiueness in depressionswas observed in the
micro-scale only, that is, in f'eatures of tl-re order <>f
20-30 prn, and described as 1) massive, 2) slight

or 3) intermediate (fig. 1).

Based on wear theory, we predicted that distri-

bution of the polished area would be affected

by the type of worked materials. This is because if

the material is hard, the contact area will be

restricted. To confirm this, we select inuasiueness

from the edge line (fig. I), distribution pattent and

Attributes Category Scale
Causal Factor o{
worked materials

tnvasrveness
from edge Edge Only

2 < 2 0 0 p m

3  < 5 0 O p m

4 < 1 . 0 m m

1 . 0  m m  <

6 Away from edge

Macro Hardness

Viscous and
elastic properties

Micro profile 1 Domed
2 lntermediate
3 Flal

lvlicro Hardness

Micro profile 1 Domed
2 Intermediate
3 Flat

Macro Hardness

Invasrveness
in depressions

1 Massive
2 lntermediate
3  s l i gh t  o  l oopm

l\,4icro Hardness
Viscous and
elastic properties

Fig. 1. Standard definit ions developed for this research (1)
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Attributes Category Scale
Causal Faclor of
worked materials

Distribution patlern

1 Extensive

3 Spotty

Macro Hardness

Viscous and
elastic properties

Invasive pattern

2 Intermediate

Macro Hardness

Viscous and
elastic properties

Smoothness of
polished surface

1 Smooth

2 Intermediate

3 Rough

Macro Surface texture

Amount of pits

1 Many

2 lntermediate

Micro Surface texture

Fig. 2. Standard definitions developed for this research (2)
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Attributes Category Scale
Causal Factor of
worked materials

Striation type 1 Fi l led- in
2 Grooved
3 Linear pol ish
4 Extremely fine

Micro Surface texlure

Amounl of wear 'I Heavy
2 Light
3 Not detected

Macro Hardness

Fig. 3. Standard definitions developed for this research (3)

inuasiue pattern $ig.2). All of these are macro-

scale features.

Inuasiueness from tbe edge is the maximum

distance of " polish " invasion from the used margin.

Distribrrtion patternrefers to the horizontal pattern

in which a polished area develops. This is also

affected by the original surface topography . Inuasiue

pattern refers to the transition pattern from

the polished to the unaltered area. These three

features describe the distribution of the polished

area that will as well be affected by the nature

of worked materials and the amollnt of work

done.
The sr-rdace texture of worked materials will

affect such featr.rres as smootbness of the polished

surface, amount oJ'pits (fig. 2), and striation type
(fig. 3).

The smootbnessof polished area can be deduced

as a feature which represents the degree of polishing

in micro-scale. This quantity is difficult to measure

objectively with the optical microscope.

The amount of pits is also considered to be

related to the surface texture of worked materials.

For example, dry hide working causes tnany pits.

Of cor.rrse, under the microscope we cannot

distinguish pits produced by wear from remnants

of original depressions which may have been on

the polished area. Striation tJ)pe is described in

figures 3 and U.

Amount ctf wear refers ti> the visual degree of

macro-scale loss of the edge tip.
'We 

also measured the degree r>f " polisb ,

deuelopmenlwhich can be affected by the amount

of work as well as type of worked materials. This

feature alsrr refers to inuasiueness from tbe edge

and distribrLtir.tn patternlisted above. However, to

examine Grace's idea that . polish ' type relates to

the duration of work rather than material type, we

select " polish " development using Grace's des-

cription.

Results

\X/ith these variable definitions, we next exa-

mine the actual correspondence ofworked materials

and the above features on 122 experimental

specimens made of siliceous shale.

Through our expcriments, we confirmed a

clear correspondence between the type of worked

materials in all ten attriblltes categories examined

above, that is, I') inuasiueness .from tbe eclge,

2) micro-proJile, 3) macro-profile, 4) inuasiueness

in dcpressions. 5\ distrihu tion pattern. 6) inuusiue

pattent to edge,7) smootbness, S) amount of pits,

9) striation rype, 1.0) amount of wear.

The results are shown in figures 4 to 6, according

to worked materiais and motions. The tables in

figures show the numberof experimental specimens

showing each category of features. In the case of

a cutting/sawing motion, features on both surfaces

of edges were counted, so that the number of

specimens are doubled.

For tools used on non-woody plants, marked

inuasiuenessfrom tbe edge lineis distinctive. AIso,

the amount of uear is large. Other features are

similar to those of wood (fig. 4 and 5). For wood

working, however, the intermediate type of

inuasiueness in depressiozs is mllch more often

obserwed than in the case of non-woody plants.

Polished surfaces produced by wood and non-

woody plants are similar in their profiles and

smoothness, but different in distribution pattern

and in amount of wear(fig. 5).
Polished surfaces produced by hide are similar

to o(hcr soft ma(eriels in massive inuasiueness in

depressionsbut different in smootbness, amount of

pits and grooued type of striations (fig. 4)

As for bone ancl antler working, the most

distinctive feature rs the profile of polished surfa-

ces. Extremelyfine type of striations are also one

of the distinctive features of this use. There are also
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Cuttingisawing non woody plants. Number of specimens = l'1

Cutting/Sawing hide. N = 9

S. Ye,vrlu'r, A. S,rrvln,r

50 100 (z)

1q9(z)
Attributes

Category

J 5 6 7

Invasiveness from edge
Micro profile
Macro profile
lnvasiveness in depressions
Distribution pattern
Invasive pattern
Smoothness ol polished surface
Amount of pits
Striation type
Amount of  wear

0
20
1 9
1 6
20
0

1 4
3

1 0
1 4

0
1
0
5
0
0
7

1
o

1
0
0
0
'I

21
0
9
9
1

1

l 9 0 0
0
2
0
0
0
0
0
0
0

Attributes
Category

'I 2 J 5 o 7

lnvasiveness lrom edge
Micro prolile
Macro profile
Invasiveness in depressions
Distribution pattern
Invasive pattern
Smoothness of polished surface
Amount of pits
Striation type
Amount ol wear

2
'I ',l

1 0
8

1 5
0
3

'12

1
1 0

0

4
8
0
0
1
4

1 0
7

o

1
3
1
,l

1 7
1 2
0
4
1

7

0

3 0 0
I

1
1
2
1
2
2
3
0

Scraping/Vvhittling hide. N = |7

Attributes
Category

1 3 4 5 6 7

Invasiveness from edge
lvlicro profile
Macro profile
Invasjveness in depressions
Distribution pattern
Invasive pattern
Smoothness of polished surface
Amount of pits
Striation type
Amounl of wear

6
8

'l 1
1 3
1 3
0
0
7
0
8

3
4
t

1
0
1
1
o

8
I

3
0
0
0

1 4
1 4
1
1
1

5

0

0 0 0
5
2
3
1
2

3
8
0

1 . . . ' . . . . . . . ' . ' l i i l i :

.'h'Ph\'j:$l

1.,

l{j.{:;;
,;{:i.l

tiifii

: ' : ' : ' : ' : ' : ' : ' : ' : l  i : i i lr, ' ,: ' l . .f;rt i i
. l

Invasiveness lrom edge

Micro prolile

Macro profile

Invasiveness in depressions

Distribution pattern

Invasive pattern

Smoothness of polished

Amount of pits

Striation type

Amount of wear

Edge only

Domed

Domed

[/assive

Spotty

Distinct

Smooth

Many

Fi l led- in

Heavy

< 200 prm

Intermediate

Intermediate

Intermediate

Linear

Intermediate

Intermediate

Intermediate

Groved

Light

< 500 !m

Flat

Flat

Sl ight

Extensive

Gradual

Rough

Few

Linear polish

Not detected

Extemely {ine

1 . 0  m m  < Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Fig. 4. Polished surface features divided according to worked material types (1).
Features on both surfaces were counted for edqes used in cuttino motions.



Attributes
Category

'| 2 3 4 5 6 7

lnvasiveness from edge
Micro prolile
Macro prolile
Invasiveness in depressions
Distributron pattern
Invasive paltern
Smoothness of polished surrace
Amount of pits
striation type
Amount of wear

1
1 7
20

6
t o

1

t 3

0
1 4
8

7
0
0
2
6

20
0

t 3

6
0

8

;

5 0 0
0
1
1
0
0
0
0
1
1

Tttl , l lntuctt> oF t)rrsctttPTl()\ F()rt PolrsllFI) slrttt--Actas

Cutting/Sawing wood. N = 11

Cutting/Sawing antler. N = 9

Fig. 5. Polished surJace features divided according to worked material types (2).
Features on both surfaces were counted for edges used in cutting motions. See key in fig. 4

Attributes
Category

'I 2 3 5 6 7

Invasiveness from edge
Micro profile
Macro profile
Invasiveness in depressions
Distribution pattern
Invasive pattern
Smoothness of polished surface
Amount of pits
Striation type
Amount of wear

7
5
4
I

1 0
1
6
0
4
0

4
5
4
4
1
3
5
5
1

2
1
1
0
2
I
'1

6
'1

1

0

2

0 0 1
3
5

1
'I

J

6
1

Attributes
Category

1 2 3 4 5 6 7

lnvasiveness from edge
Micro profile
Macro profile
Invasiveness in depressions
Distribution pattern
Invasive pattern
Smoothness of polished surface
Amount of pits
Striation type
Amount of wear

0
0
4
'I

'12

4
6
4
o

0

J

0
3
5
3
6

1' , I

3
1 7
8

I J

6
7
5
v
3
2 ?

4 3 4
,l

'I

4

1

0
t

2
2
1
'I

Attributes
Category

1 2 3 4 5 6 7

Invasiveness lrom edge
Micro profile
Macro profile
Invasiveness in depressions
Distribution pattern
Invasive patlern
Smoothness of polished surface
Amount of pits
Striation type
Amount of wear

3
0
0
1
5

5
1
2
0

4
0
2
0
0'|
3
2
2

1 0

1
I
8
9
5
5
1
7
1
1

0

5

2 0

1
1
1
1
2
1
1
0
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cliff-erences proch-rced by the clrtting rnotion ancl
the scrzrping rnotion. It secrns clifficr-rlt to clistinglrisl-r
bone fiorn antle r, 1>asecl on the f'eaturcs of polishecl
sr-rrf)ccs (fig. 5 ancl 6).

\fle clicl n()t completc cnough experiments <tn
mezrt to obtain clear resr-rlts.

Or,rr test offerecl sorne insights into the relation
between the . polish , devcloprnent ancl othcr
f-eaturcs of polished surfaces. Althor-rgh we have
not yet tcsted the resr-rlts statistically, we cor-rld not
obserye combinations of features representative ctf
worked material types ()n undeveloped surfaces
(such as A and A+ in Grace's description). However,
such features seemed to become clear as the
polished surface developecl. Therefore, we think
that features of polishecl surfaces are m()re closely
relatecl to the type ctf workecl material than to the
ch-rration of work.

OLU'tests convince Lts that we can use polishecl
sr,rrfaces as an infcrrmative evidence of wctrkecl
materials. Fr.rrthermc>re, if we r-rse the statistical
c()rresp()nclence l>etween tltc coml>ination of
features and workecl rnaterials as a basc, we will bc
able to make a more scie ntific inferencc of w<trkecl
materials.

Cutting/Sawing bone. N

Attributes
Category

2 3 4 5 6 7

Invasiveness lrom edge
Micro profile
Macro profile
Invasiveness in depressions
Distribution pattern
Invasive pattern
Smoothness oJ polished surface
Amount of pits
Striation type
Amount of wear

2
0
1
0
7
8
3
0
5
3

1
2
3
0
0
3
I
5
6

1 0

3
' t 1

b

1

d

1
1

3 3 ,l

Scrapingruhi t t l ing bone. N = 12

Attributes
Category

2 3 5 6 7

Invasiveness from edge
Micro profile
Macro profile
lnvasiveness in depressions
Distribution pattern
Invasive pattern
Smoothness of polished surface
Amount of pits
Striation type
Amount oJ wear

5
0
1
0

7
5
0
3
1

2
1
1
3
0
3
5
1
0
6

1
9
7
7
8
0
0
9
0
2

0

6

0 2 2
2
3
2
2
2
2
2
2
2

S. Ylu,rt're, A. S,r.rv.,lu'r

Tl're next step reclr-rires clevelopmcnt of ntore
objcctive measLlrcs of eacl'r attributc thror.rgh the
r-rsc <>f c()lrpLltcrs ancl thc estal>lishrncnt ()f a
systcnr that makcs possible inf'crcnccs basccl on
tl ic statistic:rl rcsults of experiments.

Perspective of computer
image analysis

To realize the complete quantification of the
analytical process. we have to develop a compllter
image analysis program. Since we have just begun
to develop it, in this paper, we only introduce the
programwe zr|e trying t<> adapt to use-wear research.

The cornpr-rter system available to us is IP-1000
devclopecl by Asahi-Kasei Incorporatecl, Japan.
\We f<rr-rnd some <>f the progt'alrrs wcre available for
()Llr pLlfp()ses.

The textlrre analysis of I1)-1000 calcr-rlates the
textllrc of an :lrea in tcrms of gray levels <tf tl-re
irnage. The clevclopment clegrec <>f the polished
Arc:r c:rn thercfirrc easily be calcr-rlatccl with this
pf()grer.n.

100 (z)

100 (z)

Fig. 6. Polished sudace features divided according to worked material types (3).
Features on both surface were counted for edges used in cutting motions. See key in fig. 4.
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Fig. 7. Histograms of ( gray levels " of polished sudaces. This is an alternative way of considering the " smoothness "
of polished surfaces. A. Smooth. B. Rough. These " gray levels > were measured in 25 LLm squares.

O Sawing wood l m r t O Sawing bone

4> )

100 pu

O Sawing non woody plants i 00pn O Scraping bone 100rrn

Fig.8. Different str iat ion types on experimentaltools. A. " Fi l led-in " str iat ion. B. " Grooved '  str iat ion. C. .  Linear pol ish " str iat ion.
D. " Extremelv fine " striation.



The combination of texture analysis and particle
analysis of the IP-1000 makes it possible to measure
the gray level in a given small area, thus allowing
for the measurement of the pro.files, the distribu-
tion pattern, the smoot b ness(fig. 7), and the amount
of pits on a surface.

The tone display makes a graph of gray level
along a given line. This makes it possible to
evaluate the distribution pattern and the smootb-
ness of a surface as a supplement to texture
analysis.

As stated above, what we are trying to do is to
computerize the identification of specified attributes
of polished surfaces. We think that utilization of
existing programs that do not fully accommodate
the nature of polished surfaces is unsatisfactory.
Ultimately we need to develop a program especially
designed for analysis of polished surfaces.

Conclusion

Some attributes of polished surfaces appear to
correlate with worked materials. These attributes
include the following : I) inuasiueness from
tbe ed.ge, 2) micro-profiles, 3) macro-profiles,
4) inuasiueness in depressions, 5) distribution
p6ttten1,6) inuasiue pattern to edge,7) smootbness,

8) amount of pits,9) striation type, 10) amount of
uear. We must emphasize that the correlation is
imperfect rather than one-to-one. This situation
deseles more examination and statistical analysis.

Computerization of this description and identi-
fication process will create a more scientific
inference system of use-polished surfaces.
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Terms like " plant polish " and " hide polish ,

are not very useful and should, perhaps, be

abandoned. Originally, they were thought to be

nothing but labels provided for descripti<>n ancl

convenience. However, as they have developed,

they have mistakenly come to be used as if they

were actually existent, so that all current discussion

cannot be free from misconception. In place of

such labeling, it seems more useful to describe

worn surfaces of stone tools - in English or French

or Japanese - in terms of objective variables that

various analyses can recognize and understand.
.We 

hope that the variables we have presented here

are of that q/pe.
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